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Abstract 
 
Executive Function and Adaptive Abilities Following Pediatric Acquired Brain Injury 
and Nonconvulsive Seizures 
Taylor P. Blake, B.A. 
 
 
 
 
Background: While research details cognitive and behavioral impairments following 
pediatric acquired brain injury (ABI), few studies have considered specific physiological 
changes in the hours and days post injury that may contribute to these deficits. New 
technologies have identified nonconvulsive seizures (NCS) during this acute time period, 
and these physiological changes may impact cognitive and behavioral impairment. 
Despite the recognized relationship between behaviorally manifested seizures and worse 
neurodevelopmental outcome, the impact of NCS on cognition and behavior following 
pediatric ABI remains largely understudied. 
The first aim of the study was to examine differences in executive, independent, 
and social functioning in participants with ABI+NCS or ABI only. It was hypothesized 
participants with ABI+NCS would demonstrate more severe impairments in these 
dependent domains as seizures have been implicated in poorer outcome. Secondly, the 
study sought to examine differences in relationships between variables affecting outcome 
and executive, independent, or social functioning when comparing ABI+NCS and ABI 
groups. It was hypothesized relevant variables would be more significantly correlated to 
the dependent domains in the ABI+NCS group.  
Methods: The current study is part of a larger study investigating the long-term impact of 
NCS following pediatric brain injury. Data related to demographics, quality of life, and 
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functional outcome were collected over the phone, while executive function and adaptive 
ability measures were mailed to participants to complete on their own time. Demographic 
and injury-related data were analyzed along with scores on subscales of the BRIEF-P and 
ABAS-II. Executive functioning was evaluated using three indices from the BRIEF-P, 
including the Global Executive Composite (GEC), the Behavioral Regulation Index 
(BRI), and the Metacognition Index (MCI). Independence was evaluated using scores on 
the Community Use Subscale and Self-Direction Subscale from the ABAS-II. Social 
functioning was measured using scores on the Social Subscale and Social Domain from 
the ABAS-II. Independent samples t-tests and correlation analyses were conducted in 
order to compare ABI+NCS and ABI groups. Further, correlation analyses investigated 
relationships between scores on the BRIEF-P, ABAS-II, and variables affecting outcome 
in each of the two groups. Variables affecting outcome included age, injury severity, 
quality of life, time since injury, and socioeconomic status. 
Results: Two equivalent groups were created by matching participants on age, gender, 
and functional outcome status and differentiating between ABI+NCS or ABI. In a sample 
of 22 participants, between group differences approached significance on the MCI 
subscale, with the ABI+NCS group endorsing more executive skills than the ABI group. 
A significant between groups difference was identified for the Community Use Subscale, 
although the ABI+NCS endorsed more independent behaviors. As well, a trend towards 
significance was observed for the Self-Direction Subscale, although the ABI+NCS group 
endorsed more independent behaviors. No significant between groups differences were 
found on subscales of social functioning, although the ABI group endorsed more social 
behaviors than the ABI+NCS group.  No significant relationships were identified 
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between any of the variables affecting outcome and scores on the BRIEF-P in either 
ABI+NCS or ABI groups. However, significant relationships were identified between 
scores on independence and social functioning subscales of the ABAS-II and variables 
affecting outcome. Age, injury severity, and quality of life were found to be most 
significantly related to ABAS-II scores; however, the strength of these relationships 
across the two groups were not consistent throughout analyses.  
Conclusions: This study initiated the first investigation of long term effects of NCS 
following pediatric ABI on executive functioning and adaptive abilities. Although 
between groups differences were observed in the opposite direction than hypothesized, 
these results may be accounted for by small sample size and sample variability. As well, 
the inconsistency in relationships between variables affecting outcome and dependent 
domains may also be accounted for by sample variability, small sample size, and 
inaccurate assessment of behaviors. Subsequent research is needed to understand what 
effect acute physiological changes post injury may have on outcome in the months and 
years following pediatric brain injury.  
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1. Introduction 
 Long-term outcome serves as an essential component in the consideration of 
pediatric brain injuries on behavioral and cognitive development in children. A wealth of 
research addresses various aspects of long-term outcome following various pediatric 
brain injury etiologies, including epilepsy, encephalitis, traumatic brain injury, stroke, 
hypoxic-ischemic events, or minor traumatic brain injuries. This research provides insight 
into executive function impairments, academic disabilities, consequences on daily living, 
and impact on family functioning. As well, these studies often attempt to follow a child’s 
outcome longitudinally in order to determine when and if impairments ameliorate. 
However, there have been relatively few studies that consider the impact of specific 
components of acute care and management on outcome.   
 One facet of pediatric brain injury, which has become more prominently 
recognized, is seizures in the initial hours and days post injury. Inquiries continue 
regarding what consequences seizures have on long-term outcome following pediatric 
brain injury. Investigating the prevalence of seizures post injury across age groups, 
studies have found more frequent seizures are consistently associated with more severe 
injuries and younger ages (Annegers, Hauser, Coan & Rocca, 1998). Studies demonstrate 
early seizures may be a predictor of poor cognitive outcome because convulsions may 
incur secondary damage to the brain through increased cranial pressure and hypoxia 
(Petridis, Doukas, Maslehaty, & Mehdorn, 2012). Additionally, research examining acute 
asymptomatic seizures in brain injured children has demonstrated cognitive deficits 
related to IQ (Petridis et al., 2012).  
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While research continues to query how acute asymptomatic seizures impact long-
term outcome in children, new technologies have made it possible to digitally monitor 
and record brain activity for long periods of time. These new long-term monitoring 
systems have begun to identify nonconvulsive seizures (NCS), which are not associated 
with clinical manifestations. Studies have shown 20% to 40% of children experience 
acute asymptomatic seizures following brain injury, and these majority of these seizures 
have no clinical correlate and would not be identified without the use of EEG (Jette, 
Classen, Emerson, & Hirsch, 2006; Shahwan, Bailey,Shekerdemian, & Harvey, 2010; 
Williams, Jarrar, Buchhalter, 2011; Greiner, Holland, Leach, Horn, Hershey, & Rose, 
2012; Kirkham, Wade, McElduff et al., 2012).  
Despite the fact that EEG monitoring is highly resource intense and costly 
(Guitierrez-Colina, Topijan, Dlugos, & Abend, 2012) and the lack of evidence that NCS 
identification and management improves long-term neurodevelopmental outcome, EEG 
monitoring use is expanding and becoming a standard of care.  A recent survey of 50 
large pediatric institutions in the US documented a 30% increase in EEG monitoring over 
the last year and identified that a median of 10 children undergo EEG monitoring each 
month (Sanchez et al., 2012). 
 This study aimed to fill the void in knowledge of the impact of seizures on 
neurodevelopmental outcome. The study sought to investigate long-term outcome of 
children who experienced NCS following acquired brain injury (ABI+NCS) compared to 
children with ABI only. The primary goals of the study were – (1) to examine differences 
between ABI+NCS and ABI groups on measures of executive function, independence, 
and social functioning and (2) to examine relationships between variables affecting 
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outcome and executive function, independence, or socialization in participants with 
ABI+NCS and ABI only.  
 This study was the first to thoroughly examine whether the presence of NCS 
following pediatric ABI increases the severity of executive dysfunction and functional 
impairment. By comparing participants with ABI+NCS to participants with ABI, a more 
comprehensive understanding of how seizures exert long-term effects on the developing 
child’s brain was established. 
1.1 Acquired Brain Injury (ABI) and Predictors of Outcome  
 A multitude of causes for pediatric brain injuries exist; however, one method of 
categorizing an injury is to determine whether it is acquired or congenital (e.g. present at 
birth). Therefore, acquired brain injuries (ABI) serve as one type of brain injury 
classification. ABI is defined as any injury which occurs after birth and is not related to 
congenital defect or degenerative disease (Slomine & Locascio, 2009). Causes of ABI 
can include hypoxic-ischemic events, stroke, traumatic brain injury (TBI), tumors, 
infection, or toxic exposure (Slomine & Locascio, 2009). Recent research suggests 219 to 
345 in 100,000 children will suffer an ABI, and 1 in 3 of those children with an ABI will 
experience some type of permanent impairment (Anderson, Godfrey, Rosenfeld & 
Catroppa, 2012).  
Because ABI can be associated with a variety of lasting impairments, multiple 
factors have been identified which are thought to predict long-term outcome following 
pediatric ABI. These predictors can affect whether impairments will be experienced post-
injury and how severe the impairments will be. Firstly, injury severity has been identified 
as the most robust predictor of outcome longitudinally (Anderson et al., 2012; Anderson, 
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Brown, & Newitt, 2009; Taylor, et al., 1999; Anderson et al., 2005).  Severity of an ABI 
is classified using the Glasgow Coma scale (Teasdale & Jennett, 1974) which categorizes 
injuries as severe, moderate, or mild and is determined by a rating score of the child’s 
functioning (Taylor et al., 1999). Children identified with severe ABIs have typically 
experienced more profuse cerebral damage which impacts the detrimental consequences 
for long-term outcome (Taylor et al., 1999; Anderson et al., 2005). While some research 
has identified improvements in functioning long-term, other studies have determined 
recovery may be hindered longitudinally after severe brain injuries (Anderson et al., 
2012). For example, one study showed more severely injured children display initial 
improvement over the first year post-injury; however, recovery seems to decline after this 
one year period (Jaffe, Polissar, Fay, & Liao, 1995).  
The age of the child when injury occurs is another significant predictor of long-
term outcome following pediatric ABI (Anderson, et al., 2012). Research has established 
a younger age at injury is associated with poorer outcome because of the vulnerability of 
the immature brain (Anderson, Catroppa, Morse, Haritou, & Rosenfeld, 2005). Because 
the brain of a young child is less mature, it is perhaps more vulnerable to the effects of 
cerebral damage which often disrupts rapidly developing neural networks in frontal and 
subcortical regions of the brain (Anderson et al., 2005).  
Accompanying the significance of age, pre-injury adaptive functioning has been 
identified as a strong predictor of long-term outcome following pediatric ABI and 
suggests specific skills acquired before the injury may be re-learned post-injury 
(;Anderson et al., 2012). For example, if a child knows how to read and write prior to the 
injury, then it is possible for the child to select from this set of previously acquired skills 
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and relearn them. However, if a child has not had the opportunity to learn how to read 
and write, then it may be more difficult for them to acquire such skills post-injury.  
 Finally, family functioning has also been identified as a significant predictor of 
long-term outcome following ABI (Sesma, Slomine, Ding, & McCarthy, 2008). A child’s 
injury causes changes within the family unit and may include medical care concerns, 
familial role alterations, and financial constraints (McCarthy et al., 2006). Frequently, 
children from families of a lower socioeconomic status do not receive the rehabilitative 
care necessary to recover successfully from ABI because of financial difficulties or lack 
of medical insurance (McCarthy et al., 2006). Families who report greater burden or 
stress as a result of a child’s injury have also been associated with poorer long-term 
outcome on measures of executive functioning as well as social and behavioral 
assessments. Family functioning is often mediated by severity of injury, with 
socioeconomically disadvantaged families reporting greater burden following severe 
pediatric ABI (Taylor et al., 1999). Therefore, family functioning and injury severity 
typically occur hand in hand when predicting outcome following pediatric ABI.  
 In addition to understanding concepts associated with predicting outcome after 
pediatric ABI, it is necessary to understand how outcome is defined and what constructs 
can be measured. Although outcome can pertain to a multitude of domains related to 
pediatric brain injuries, research often concentrates on functional behaviors hindered as a 
result of injury. Two factors which bolster functional behavior include behavioral and 
cognitive abilities, and theories suggest these abilities are directed and overseen by a 
larger neural system referred to as executive functioning (Gioia & Isquith, 2004). Studies 
have shown executive functioning deficits are common in brain injured children because 
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of the vulnerable neuroanatomical placement of the executive system (Gioia & Isquith, 
2004). If the executive system is damaged as a result of injury, behavioral and cognitive 
abilities are often subsequently impaired. This cascade of damage may then influence 
independent and social functioning, which are two constructs consistently examined in 
outcome studies (Gioia & Isquith, 2004).  
 In conclusion, ABI is one category of pediatric brain injury, and a multitude of 
factors contribute to the long-term consequences of injury. Injury severity and age at 
injury are two of the most robust predictors of outcome following ABI and may 
significantly contribute to outcomes which can include executive function and functional 
behaviors (e.g. independence and social functioning).  
1.2 Nonconvulsive Seizures (NCS) and Brain Injury 
Seizures following pediatric brain injury occur in as many as 15% of injured 
children (Petridis et al., 2012).  Petridis et al. (2012) found 10.9% of the children and 
adolescents in their sample had acute asymptomatic seizures following brain injury and 
identified 100% of those seizures occurred within the first 24 hours post-injury. The 
incidence of non-convulsive seizures may be even higher, occurring in 20-40% of 
children, which are percentages consistent with studies in critically ill adults (Jette et al., 
2006; Shahwan et al., 2010; Williams et al., 2011; Greiner et al., 2012; Kirkham et al., 
2012). Research has found an increased incidence of seizures post injury, with 
approximately 1 in 5 patients demonstrating seizures (Vespa et al., 1999; Claassen, 
Mayer, Kowalski, Emerson, & Hirsch, 2004). Other studies have identified younger age 
and increased injury severities are significant predictors for the consequences of seizures 
post injury (Annegers et al., 2012). 
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Previous research examining the effects of various types of seizures have 
demonstrated the development of seizures is a consistent marker for poorer outcome in 
cognitive domains (Parrish et al., 2007; Johnson, DeMatt, & Salorio, 2009; Petridis et al., 
2012).  Additionally, multiple frequent seizures are associated with excessive mortality 
rates (Vespa et al., 1999) which suggests seizures may exaggerate deleterious effects 
associated with brain injuries. Petridis et al. (2012) explain seizures may be associated 
with negative outcomes because of neurochemical changes, and these perturbations 
associated with seizures may actually exacerbate the consequences of the injury itself. 
Especially in children, seizures may create secondary damage to the brain by augmenting 
intracranial pressure and hypoxia (Petridis et al., 2012).  In animal models, the immature 
brain seems to be highly susceptible to develop seizures post injury and less adept at 
managing the detrimental effects of seizures which can include neuronal loss, 
neurogenesis and synaptic reorganization (Vingerhoets, 2006). Additionally, animal 
models show a developing brain may be less capable of managing the behavioral and 
cognitive deficits which may occur as a result of a cumulative number of seizures 
(Vingerhoets, 2006).  
Although some studies have examined the prevalence of seizures in brain injured 
populations, few studies have investigated the long-term consequences of acute 
asymptomatic seizures to identify how seizures may affect neuropsychological status and 
functional abilities. When considering cognitive outcome, one study compared children 
with localization-related epilepsy (LRE) and idiopathic generalized epilepsy (IGE) 
identifying differences in performance on measures of executive function and found 
executive function scores were strong predictors of adaptive functioning (e.g. 
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communication, socialization, and daily living) (Parrish et al., 2007).  Vingerhoets (2006) 
investigated seizure’s effect on cognition, specifically concentrating on intelligence. In 
children and adults, epilepsy was associated with lower intelligence levels at a primary 
assessment, and IQ scores seemed to decrease over time in subsequent assessments 
(Vingerhoets, 2006). In children with complex partial seizures, Schoenfeld et al. (1999) 
identified generalized cognitive impairments after short durations in addition to adverse 
effects on expressive and receptive abilities, verbal memory, and motor functioning. 
These expressive and receptive deficits likely have a harmful effect on academic, social, 
and occupational opportunities throughout the child’s life (Schoenfeld et al., 1999). 
Behaviorally, research has found seizures may cause children to exhibit more 
anxiety/depression in social situations, social withdrawal, and somatic complaints 
(Schoenfeld et al., 1999). Instead of global behavioral and social impairment, these 
specific behavioral domains have been identified as particularly vulnerable in children 
with complex partial seizures (Schoenfeld et al., 1999).  Importantly, Schoenfeld et al. 
(1999) identified a significant relationship between neuropsychological and behavioral 
status in children with seizures.  
 Despite a wealth of information available in regards to ABI, a new body of 
research seeks to determine the effects of seizures suffered acutely post-injury in the 
pediatric intensive care unit (PICU) (Vespa et al., 1999). PICU staff has begun to utilize 
continuous electroencephalographic (cEEG) monitoring for critically ill children. 
Typically, these long-term monitoring sessions occur for 24 hours post admittance to the 
PICU, and the digital cEEG recording systems provide a great deal of information 
regarding brain activity (Abend et al., 2011). Importantly, digital EEGs are able to 
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demonstrate the presence of nonconvulsive seizures in critically ill children and can be 
categorized based on location, onset, duration, and clinical manifestation (Abend et al., 
2011). These nonconvulsive seizures are particularly important because they cannot be 
diagnosed clinically and would not be identified without cEEG monitoring (Abend et al., 
2011; Vespa et al., 1999; Vespa et al., 2007; Saengpattrachai et al., 2006). 
Nonconvulsive seizures (NCS) are defined as seizures which present without 
convulsive activity and present as altered mental status or coma lasting at least 10 
seconds (Abend et al., 2011). Nonconvulsive status epilepticus (NCSE) carries this same 
definition; however, the duration of these seizure events is longer, typically lasting for at 
least 30 minutes (Abend et al., 2011). Because of the lack of clinical manifestations, NCS 
and NCSE are commonly unrecognized by physicians although they may be associated 
with neurological impairments (Vespa et al., 2007; Saengpattrachai et al., 2006; Abend et 
al., 2011).  
 One study has specifically investigated NCS and NCSE in critically ill children, 
ultimately demonstrating these types of seizures were seen in 46% of children in the 
sample (Abend et al., 2011). Most children had seizures detected within 24 hours of 
cEEG monitoring, while half of the children presented with NCS within 1 hour of cEEG 
monitoring (Abend et al., 2011). Additionally, 70% of the children in the sample had 
NCS exclusively, which would not have been detected through clinical observation 
(Abend et al., 2011). The study identified age at injury as a significant risk factor for the 
presence of NCS with younger children experiencing significantly more seizures than 
older children (Abend et al., 2011). Research showed that with every 1 year increase in 
age, there was a 7% decrease in the odds of NCS occurrence (Abend et al., 2011).  
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To date, there has not been any research, to our knowledge, which considers ABI 
and NCS in tandem when investigating functional or long-term outcome. As discussed 
previously, some research has considered increased prevalence of convulsive seizures in 
relation to neuropsychological status and behavior. A few studies have also begun to 
examine consequences of seizures following brain injuries for neuropsychological status 
and behavior. Despite the identified presence of NCS in critically ill children, there is no 
research to determine if or how the relationship between ABI and outcome is changed 
when adding in the consideration of NCS. 
1.3 Executive Function in Children with ABI 
 As mentioned previously, functional impairments following pediatric ABI are 
common and manifest themselves in the domains of cognition and behavior. Frequently, 
cognitive impairments are demonstrated in the area of executive functioning which has 
tightly linked associations with performance on independent and social behaviors (Taylor 
et al., 1999).  
 Executive function is an umbrella construct used to define control, supervisory, or 
self-regulatory functions integral in organizing and directing cognitive activities, 
emotional responses, and overt behaviors (Gioia & Isquith, 2004). As real-world 
demands are presented, executive function takes over to coordinate cognitive and 
behavioral capacities needed to accomplish the demands (Gioia & Isquith, 2004). 
Executive function  manifests itself in a variety of ways including the ability to initiate 
behavior, inhibit competing actions or stimuli, shift problem-solving strategies flexibly, 
select relevant task goals, plan and organize a means to solve complex problems, and 
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monitor or evaluate one’s own behavior (Gioia & Isquith, 2004; Mangeot, Armstrong, 
Colvin, Yeates, & Taylor, 2002; Sesma et al., 2008).  
It is thought the development of these skills is protracted and depends on intact 
frontal-striatal circuits in the frontal and prefrontal cortices (Sesma et al., 2008). Early 
neuroanatomical observations suggested executive function occurs in frontal lobes, 
specifically in the prefrontal cortex (Jurado & Roselli, 2007). However, newer research 
has identified the involvement of many subcortical and thalamic pathways in executive 
function (Jurado & Roselli, 2007). For example, one study stressed the importance of 
neural circuits comprising the frontal lobes, the basal ganglia and the thalamus for 
performance on executive tests (Royall et al, 2002). Specifically, they identified three 
important circuits which originate in the frontal lobe and send projections to the basal 
ganglia and thalamus which include the dorsolateral prefrontal circuit, the lateral 
orbitofrontal circuit, and the anterior cingulate circuit (Royall et al., 2002). The 
dorsolateral prefrontal circuit is thought to be implicated in planning, goal selection, set-
shifting, working memory and self-monitoring, while the lateral orbitofrontal circuit is 
hypothesized to be involved in risk assessment and inhibition of inappropriate behavioral 
responses (Royall et al., 2002). Finally, the anterior cingulated circuit has been predicted 
to function in monitoring behavior and self-correcting errors (Royall et al., 2002).  
In 2005, Collette et al. identified common areas of the brain activated by three 
different executive functions (e.g. updating, shifting, and inhibition). These common 
areas included posterior regions of the left superior parietal gyrus and the right 
intraparietal sulcus (Collette et al., 2005). To a lesser degree, research also demonstrated 
activation of the left middle and inferior frontal gyri (Collette et al., 2005). Therefore, this 
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study suggests parietal areas of the brain may play a critical role in the performance of 
executive tasks, and the executive system is not explicitly implemented by the frontal 
lobe alone (Collette et al., 2005). Interestingly, the parietal areas proved to show more 
activation than frontal ones. Although the importance of the frontal lobes is not 
undermined, the results of this research demonstrate various brain structures become 
necessary for optimal performance on executive tasks (Jurado & Roselli, 2007). Although 
the prefrontal regions might orchestrate behavior, they depend on other areas for input 
and efficient functioning relies on the quality of information received from other parts of 
the brain (Jurado & Roselli, 2007).  
Because children frequently present with impaired executive functioning post-
injury, these deficits are termed executive dysfunction (Sesma et al., 2008).  It is 
important to note that not all children who suffer an acquired brain injury will experience 
these cognitive impairments, and these deficits are often dependent on age at injury and 
severity of injury (Sigurdardottir, Andelic, Roe, & Schanke, 2009). Executive 
dysfunction is most often seen in children with moderate to severe injuries as indicated 
on the Glasgow Outcome Scale (Sesma et al, 2008; Mangeot et al., 2002; Gioia & 
Isquith, 2004). Because of the prevalence of executive dysfunction in the pediatric brain 
injury population, there is a large amount of research which focuses on longitudinal 
effects as well as consequences for daily living.  
 One study demonstrated clinically elevated executive dysfunction scores at 3 
months post-injury in children with moderate to severe TBI and how these scores did not 
improve when assessed at 12 months (Sesma et al., 2008). Specifically, these measures of 
executive function indicated the working memory scale depended significantly on injury 
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severity, as children with more severe injuries continued to perform poorly when asked to 
retain information long enough to manipulate it for the demands of the task (Sesma et al., 
2008). Another study has supported previous research on the relationship between injury 
severity and memory tasks and identified greater difficulty retaining elements of two 
short stories (e.g. verbal learning skills) at 12 and 30 months post-injury (Anderson et al., 
2004). Additionally, this study identified behavioral effects of executive dysfunction 
through their examination of the relationship between injury severity and expressive and 
receptive skills (Anderson et al., 2004).  
 Taken together, research has consistently identified the importance of the 
executive system and how executive abilities manifest behaviorally in brain injured 
children. Studies have also shown how executive functioning deficits manifest 
themselves cognitively and behaviorally following pediatric brain injuries. The question 
remains as to what may happen to the relationship between brain injury and executive 
function when considering other factors post injury such as seizures.  
1.4 Executive Function, Functional Independence, and Social Functioning  
In addition to study findings regarding the manifestation of executive dysfunction, 
there is a wealth of pediatric research identifying the impact of executive dysfunction on 
functional independence and social functioning. Performance-based and ecologically 
valid measures of EF have demonstrated lower scores on EF measures significantly 
correlate with lower parent ratings of the child’s overall independence at home or in the 
classroom (Taylor et al., 1999). There are many independent behaviors as simple as 
choosing what clothes to wear in the morning or completing a drawing in a coloring 
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book, which depend on these “executive function” skills such as attentional control, 
planning, or goal-directed behavior (Gioia & Isquith, 2004).  
 Executive dysfunction also impacts social behavior as children often present with 
demanding, self-centered personalities, disinhibition, impulsive speech and behaviors, 
apathy or indifference, and a lack of empathy (Gioia et al., 2004). A bidirectional 
relationship has been established in short and long-term outcome which suggests 
neuropsychological abilities predict social information processing (Yeates et al., 2004). 
Frontal lobe injuries have also been found to exacerbate social discourse impairments 
(Dennis et al., 2001). One study found measures of executive function, pragmatic 
language, and social-problem solving all predicted social outcome following pediatric 
TBI with lower scores in each domain resulting in greater social integration problems 
(Yeates et al., 2004). Research has identified a significant effect of injury severity and 
length of time post-injury on socialization with children suffering severe TBI 
demonstrating lower socialization at 6 months post-injury (Hayman-Abello, Rourke, 
Fuerst, 2003). Another study found that children who suffered from severe TBI had 
increased deficits in social discourse due to difficulties sustaining conversations, 
generating narratives, producing speech acts, understanding intentionality, and making 
inferences that enhance story coherence (Dennis et al., 2001). As well, severe injuries 
have been found to result in greater disturbances in behavioral and emotional regulation 
which impede appropriate social competence and peer relations (Dennis et al., 2001).  
 As research has previously established, executive dysfunction can have 
deleterious effects on independent and social functioning. Studies continue to 
demonstrate relationships between executive function impairments and the performance 
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of fewer independent behaviors at home and in the classroom. As well, these impairments 
have consistently been shown to correlate with social competence and relationships with 
peers. Although these studies have investigated children with various brain injuries and at 
a variety of times post-injury, there is little research investigating how executive function, 
independence, or social functioning may affected when considering NCS after ABI.  
1.5 Variables Affecting Executive Function, Independence, or Socialization 
 As discussed previously, research has identified the interrelatedness of executive 
function, independence, and socialization. In addition, studies have identified several 
variables, often labeled as “risk factors,” which may affect various aspects of outcome 
including executive function, independence, and socialization (McCarthy et al., 2006; 
Sesma et al., 2008). These risk factors may include variables such as age (at injury and 
post injury), socioeconomic status, injury severity, quality of life, and time since injury 
(Anderson et al., 2012; Yeates et al., 2004; Sigurdadottir et al., 2006).  
There are two separate schools of thought regarding age and the brain’s 
vulnerability or plasticity following brain injury. The argument for plasticity posits 
children less than 5 years incur less severe structural damage following brain injury, 
which results in fewer functional deficits (Anderson et al., 2012). As well, it has been 
argued that physiological and structural changes post-injury are more easily modified at 
younger ages (Anderson et al., 2012). However, Anderson et al. (2012) argue brain injury 
causes significant disruption in cognitive and behavioral development, which then leads 
to impairments in tasks that require executive, independent, or social functioning.  
In many studies, various aspects of family functioning appear to have significant 
affects on cognitive and behavioral domains of functioning following pediatric brain 
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injury. Importantly, cognitive and behavioral problems post-injury appear to be 
significantly related to environmental changes (e.g. family role changes, financial 
difficulties) in addition to physiological changes. One aspect of family functioning is 
socioeconomic status (SES), and studies have demonstrated lower SES is related to 
higher reports of parent stress and burden as a result of brain injury (Johnson et al., 2009; 
Yeates et al., 2004). As well, studies have found parent stress and burden is significantly 
increased in low SES families as a result of difficulties associated with accessing 
resources to rehabilitate cognitive dysfunction and behavioral impairment (Johnson et al., 
2009; Yeates et al., 2004). 
Injury severity has been widely considered in various studies investigating 
outcome following pediatric brain injury and has been found to significantly affect 
aspects of cognitive and behavioral ability (Sigurdadottir et al., 2009; Anderson et al., 
2012). More severe injuries are consistently related to poorer cognitive and behavioral 
outcome (Anderson et al., 2012). These studies have measured injury severity using an 
array of measures, including loss of consciousness, hospital admittance, Glasgow Coma 
Score (GCS), or Glasgow Outcome Score-Extended (GOS-E) (Sigurdadottir et al. 2009; 
Anderson et al., 2012). Interestingly, the Glasgow Outcome Scale-Extended Pediatric 
Version (GOS-E Peds) is a new pediatric measure of injury severity that assesses 
functional outcome following injury (Beers et al., 2012). Although the GOS- E Peds has 
not yet been implemented in the vast literature assessing injury severity, the measure is 
modeled after and related to the GCS and GOS-E, which have previously demonstrated 
their significance in assessing injury severity (Beers et al., 2012).  
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Quality of life is another variable that has demonstrated its relevance in 
understanding of various aspects of outcome following pediatric brain injury. Yeates et 
al. (2004) demonstrated higher parent ratings of quality of life were related to 
improvements in cognitive functioning and academic performance at multiple time points 
following brain injury. Interestingly, neuropsychological deficits have been shown to be 
related to quality of life even after accounting for age and injury severity (Johnson et al., 
2009; Yeates et al., 2004). Specifically, deficits in executive function, attention, and 
memory appear to be significantly correlated with poorer parent ratings of quality of life 
(Johnson et al., 2009; Yeates et al., 2004).  
Finally, time since injury has demonstrated an effect on cognitive and behavioral 
outcome in pediatric populations. Research has identified the first three to twelve months 
post-injury are integral in regaining some abilities (Sigurdadottir et al., 2009; Anderson et 
al., 2012; Sesma et al., 2008). For example, in a study by Sesma et al. (2008), parents 
reportedly did not endorse improvements in global executive dysfunction in the first 12-
months post-injury. However, these same parents did endorse improvements in tasks 
requiring metacognitive and attentional abilities (Sesma et al., 2008). Finally, time since 
injury is thought to be related to behavior and social functioning in that behavioral and 
social impairment may not show improvement with time (Schwartz, Taylor, Drotar, 
Yeates, Wade, & Stancin, 2003).  
Although these variables affecting outcome have been investigated in many 
previous studies and may be significantly implicated in outcome following brain injury, 
research has not investigated how these relationships may be affected if acute post-injury 
events are considered. The current study sought to address this lack of research. 
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1.6 Current Study 
 The overarching objective of the current study was to examine whether long-term 
outcome differs in children who experienced NCS following pediatric ABI (ABI+NCS) 
and children with ABI only. First, the present study sought to examine differences on 
measures of executive function, independence, and social functioning when comparing 
ABI+NCS and ABI groups. Next, the study sought to examine relationships between 
variables that affect outcome and scores on measures of executive function, 
independence, and socialization when comparing ABI+NCS and ABI groups.  
To date, there has been little research to examine differences in long-term 
outcome for children with ABI+NCS. Because previous research has identified pediatric 
brain injury survivors experience long-term deficits in executive function, which hinder 
independent and social functioning, it becomes increasingly important to concentrate on 
an additional piece of the puzzle (e.g. NCS). If the presence of NCS after pediatric brain 
injury does elicit more severe impairments related to executive function, independence, 
or socialization, then it becomes necessary to identify why these deficits may be more 
severe and how they may be ameliorated.  
2. Study Overview and Methods 
2.1 Previous Study 
Beginning in 2008, neurologists from a single tertiary care referral hospital in 
southeastern Pennsylvania completed a study investigating the short-term outcome of 
children presenting with nonconvulsive seizures (NCS) following acute neurologic 
events. Children from 1-month to 18 years of age who were admitted to the PICU and 
underwent continuous EEG monitoring following some type of neurological disorder 
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were included in the study. Data for the short-term outcome study were collected from 
patients admitted to the pediatric intensive care unit (PICU) between July 2008 and 
January 2011. In total, data from 200 patients were used to assess short-term outcome. It 
is important to note subject enrollment continued after January 2011, and the database 
now includes data approximately 380 participants.  
Children admitted to the PICU met criteria for urgent cEEG monitoring if they 
demonstrated “persisting altered mental status after a convulsion, altered mental status 
without a preceding convulsion that either had an unclear etiology or was 
disproportionate to the known medical condition, and the presence of abnormal 
movements or vital sign fluctuations” (Abend et al., 2011). Following clinical protocol, 
patients underwent monitoring for at least 24 hours in order to screen for nonconvulsive 
seizures (NCS). This 24-hour, long-term monitoring was performed using a Grass-
Telefactor (Grass Technology) video-EEG system. Twenty-one gold-over-silver scalp 
surface electrodes (Grass Technology) were positioned according to the international10–
20 system and affixed with Collodion adhesive.  
During this study of short-term outcome, all clinical and EEG data were collected 
prospectively. Electrographic seizures were operationally defined as “an abnormal 
paroxysmal event different from the background lasting longer than 10 seconds (or 
shorter if associated with a clinical change), with a temporal-spatial evolution in 
morphology, frequency, and amplitude, and with a plausible electrographic field” (Abend 
et al., 2011).  Seizures were considered nonconvulsive if there was no clinical change on 
simultaneous video and no change identified by bedside caregivers. Alternatively, 
nonconvulsive status epilepticus was defined as a state of impaired consciousness with 
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either a single 30-minute electroencephalographic seizure or a series of recurrent 
independent electroencephalographic seizures totaling more than 30 minutes in any 1-
hour period (50% seizure burden). 
The study used the Pediatric Cerebral Performance Category scale (PCPC; Fiser, 
1992) which utilizes a six-point scoring system for functional outcome to determine 
short-term outcome. PCPC categories are as follows: (1) normal, (2) mild disability, (3) 
moderate disability, (4) severe disability, (5) coma and vegetative state, and (6) death. 
2.2 Present Study 
The current prospective study was constructed from the previous short-term 
outcome study. Drawing from the same cohort of children recruited from the same single 
tertiary care referral hospital in southeastern Pennsylvania, this study collected data 
prospectively by following children and parents longitudinally.  
2.3 Participants 
Between May 2012 and March 2013, efforts were made to recruit 80% of the original 
200 participants from the previous short-term outcome study conducted between July 
2008 and January 2011. Following these recruitment efforts, a total of 100 participants 
were recruited to participate in the current study. Thirty-seven of these participants met 
the following inclusion criteria: 1) between 4 and 18 years of age, 2) brain injury 
identified as acquired, 3) spoke and read in English, 4) between 18 and 60 months post-
injury, 4) Glasgow Outcome Scale-Extended Pediatric Version (GOS-E Peds; Beers et 
al., 2012) score of 1 (upper good recovery) to 6 (lower severe disability), as well as the 
following exclusion criteria: 1) no pre-injury diagnosis of autism or developmental 
disorders. 
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2.4 Power Analysis 
 An alpha level of .05 was used to determine statistical significance. Given the 
exploratory nature of these analyses, no current effect sizes exist in the literature. Power 
analyses were conducted according to Cohen’s (1992) standards. In order to determine 
differences between ABI+NCS and ABI groups, a sample size of 26 participants were 
needed to achieve .80 power with a significance criterion of .05 (Cohen, 1992). As well, 
correlation analyses to determine relationships between variables affecting outcome and 
executive functioning, independence, or socialization in the ABI+NCS or ABI group 
required a sample size of 28 participants to achieve .80 power with a significance criteria 
of .05 (Cohen, 1992).  
2.5 Measures 
The present study included measures of executive function and adaptive abilities 
related to independence and social functioning. Measures considered included: the GOS-
E Peds (Beers et al., 2002), the PedsQL (Varni, Seid, & Rode, 1999), the BRIEF-P (Gioia 
et al, 2000), and the ABAS-II (Harrison & Oakland, 2003).  
2.5.1 Demographic Information 
Age, gender, time since injury, annual family income, and seizure 
diagnosis were collected for each participant. This data was collected via 
participants, and an institutional database was consulted to verify this information.  
2.5.2The Glasgow Outcome Scale- Extended Pediatric Version (GOS-E Peds) 
The GOS-E Peds measures a child’s functional outcome post injury and 
specifically considers changes in behavior or problems which have developed or 
become markedly worse since the injury occurred. There are seven domains 
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assessed via the GOS-E Peds to determine and assign a category score to an 
outcome of injury. These domains include consciousness, independence inside the 
home, independence outside the home, school/work, social and leisure activity, 
family and friendships, and return to normal life.  
The GOS-E Peds is administered by a clinician or research assistant and 
consists of a series of yes or no questions which parents answer over the phone. It 
takes approximately one minute to complete and can be used with children ages 
17 and younger. By following parents’ answers to these questions, clinicians 
generate a category score. These category scores are as follows:    
8- Death 
    7- Vegetative State 
    6- Lower Severe Disability 
    5- Upper Moderate Disability 
    4- Lower Moderate Disability 
    3- Upper Moderate Disability 
    2- Lower Good Recovery 
    1- Upper Good Recovery 
  
The GOS-E Peds has been shown to have high criterion-related validity 
and discriminant validity (Beers et al., 2012). It has also demonstrated sensitivity 
to severity of injury and has been associated with changes in brain injury sequelae 
(Beers et al., 2012). Because the GOS-E Peds is a relatively new measure (Beers 
et al., 2012), it has, to date, primarily been used to measure outcome in cases of 
pediatric traumatic brain injury (TBI).   
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2.5.3 Behavioral Rating Inventory of Executive Function- Parent Edition 
(BRIEF-P) 
The BRIEF-P measures a child’s executive function capacity by considering 
problems which have existed in specific behaviors within the past 6 months. Parents 
complete a series of 86 questions by answering never, sometimes, or always in 
regards to specific behaviors. The BRIEF-P can be used in children between the 
ages of 5 and 18 years. It takes approximately 15 minutes for a parent to complete 
the BRIEF-P, and parents complete the measure in person in writing. 
The measure assesses 8 subdomains of executive function by asking about 
the prevalence of certain behaviors which are relevant across the age range. The first 
3 subdomains make up the Behavioral Regulation Index (BRI) and include Inhibit, 
Shift, and Emotional Control. The other 5 subdomains compose the Metacognition 
Index (MCI) and include Initiate, Working Memory, Plan/Organize, Organization of 
Materials, and Monitor. Scores from the BRI and MCI indices can also be combined 
to calculate the Global Executive Composite (GEC).    
The BRIEF-P is commonly used to assess executive function in children and 
has often been used in brain injured populations. It is well validated measure and has 
received attention for its ecological validity. Many performance-based measures fail 
to adequately observe diminished executive function capacity because they do not 
assess or consider real-world behaviors. These measures do not sufficiently capture 
complex day-to-day executive problem-solving. However, the BRIEF-P specifically 
targets those real-world behaviors and has been shown to be more successful in 
observing deficits when they exist. Finally, the BRIEF-P has shown convergent and 
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discriminant validity with other measures of inattention, hyperactivity-impulsivity, 
depression, atypicality, anxiety, and somatic complaints (Gioia et al., 2000). 
2.5.4 Adaptive Behavior Assessment Scale-II (ABAS-II Parent Edition) 
The ABAS-II measures adaptive skills and behaviors which are necessary 
factors in a child’s development of adequate and independent skills in the home, at 
school, and in a community. It is a theory-driven assessment which examines 10 
skill sets, present 3 clusters of adaptive behavior, and provides a generalized 
composite score. The 10 skills examined by the ABAS-II include communication, 
community use, functional academics, home/school living, health and safety, leisure, 
self care, self-direction, social, and work. These 10 skills can be combined to 3 
clusters of adaptive behavior including Social, Conceptual, and Practical Domains. 
Parents complete the ABAS-II in person by rating the frequency of 
observable behaviors. The Parent Edition is used to assess children between the ages 
of 5 and 21, and it takes approximately 15 minutes to complete. 
Measuring adaptive behaviors becomes especially important when 
considering childhood brain injuries because these adaptive skills create a 
foundation from which children build adaptive behaviors throughout development. 
These adaptive skills are “a prerequisite to adequate and independent functioning at 
home, in school, and in the community” (Oakland & Algina, 2011). The ABAS-II 
has been used in a variety of disabled populations including brain injury, and it has 
been tested on a variety of different age groups from birth to 89 years (Richardson & 
Burns, 2005). The ABAS-II has demonstrated high internal validity and content 
validity, and scores on Skill, Domain, and GAC are consistently correlated 
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(Richardson & Burns 2005). Additionally, the ABAS-II has shown significant 
clinical validity in its role as a diagnostic tool in various disordered populations 
(Richardson & Burns, 2005).  
2.5.5 Pediatric Quality of Life Inventory (PedsQL) 
The PedsQL assesses a quality of life based on four domains. These domains 
include physical functioning, emotional functioning, social functioning, and school 
functioning. As well, the measure generates scores for Physical Health, Psychosocial 
Health, and an overall Total Score. Parent report forms for the PedsQL consider 
children between the ages of 2 and 18 years.  Over the phone, parents are asked if 
their child has had problems with specific behaviors in the past month. Parents 
answer never, almost never, sometimes, often, and almost always in response to 
specific behaviors presented in the assessment. The PedsQL takes approximately 5 
minutes to complete with parents by phone.  
The PedsQL has often been used in pediatric cases of traumatic brain injury 
(TBI). The measure has been found to validly differentiate between healthy children 
and children with acute and chronic health conditions (McCauley et al., 2011). 
Additionally, the PedsQL has demonstrated the ability to distinguish between injury 
severities within chronic health conditions (McCauley et al., 2011). Finally, this 
multidimensional measure has demonstrated sensitivity to clinical change over time 
(McCauley et al., 2011).  
2.5.6 Outcome Domains, Measures, and Scoring  
Specific scores from subscales of these measures have been identified as 
particularly relevant in the measurement of executive function, independence, and 
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social functioning. For the BRIEF-P, overall executive function was represented by 
the Global Executive Composite Score (GEC). Additionally, the Behavioral 
Regulation Index (BRI score) and the Metacognition Index (MI score) were analyzed 
to determine if there are differences in these two domains of executive functioning. 
In order to assess functional independence, two subscale scores from the ABAS-II 
were analyzed and included self-direction and community use. Finally, assessments 
of social functioning considered the ABAS-II Social Subscale and Social Domain 
scores. Table 1lists measures, dependent variables (e.g. outcome domains), and 
associated subscale scores. 
2.6 Procedure 
2.6.1 Initial Phone Screening 
Participants enrolled prior to January 2011 in the short-term outcome study 
were contacted via phone by research personnel. Contact information for each 
participant was obtained via the institutional database. 
Research personnel were trained to obtain verbal consent from parents or 
guardians over the phone. First, research personnel phoned parents to inquire about 
their interest in the collection of outcome information and asked them to complete a 
brief 10-minute phone assessment. This 10-minute assessment consisted of the 
GOS-E Peds (Beers et al., 2012) and the PedsQL (Varni et al., 1999). The GOS-E 
Peds took approximately 2-minutes to complete while the PedsQL took 
approximately 5-minutes to complete. Research personnel conducting these brief 
assessments were trained regarding how to respond to answers provided by parents 
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and were required to understand how parent responses should be appropriately 
interpreted regarding the measures considered. 
2.6.2 Mailing of Questionnaires 
During the phone assessment, parents were informed to expect an 
envelope in the mail containing a series of questionnaires to complete on their 
own time. The envelope contained the BRIEF-P (Gioia et al., 2000) and the 
ABAS-II (Harrison & Oakland, 2003). The BRIEF-P was expected to take 
approximately 15-minutes to complete while the ABAS-II was expected to take 
15-minutes to complete. In total, the mailed questionnaires were expected to take 
approximately 30-minutes to complete. Parents were then asked to return the 
envelope with questionnaires to the research institution by mail in order to be 
compensated with a $30 gift card if all of the questionnaires are completed. If 
questionnaires were not returned by mail, several follow-up phone calls were 
made starting approximately 2-weeks after the materials were mailed in order to 
remind parents to complete the packet in order to participate in the study.  
All measures were then be scored by research personnel and entered 
directly into a password-protected computerized database. All information was 
de-identified upon return to the research institution. The ABAS-II was scored 
using a computerized scoring system while the BRIEF-P was scored by hand.  
2.7 Modifications to the Proposed Study 
 Several changes were made to the current study following the proposal of the 
current study. Inclusion criteria were modified to increase sample size and power 
necessary to conduct statistical analyses following participant recruitment. These changes 
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included increasing the age range from 6 -12 years to 5 -18 years and expanding GOS-E 
Peds Score from 1-5 to 1-6. As a result of the changes to GOS-E Peds inclusion criteria, 
modifications were made to subscales analyzed from the ABAS-II. As a result of missing 
data on Home Living and Communication subscales, the Community Use subscale was 
implemented in addition to the Self-Direction Subscale. Finally, the second aim was 
modified to reflect unanticipated changes in sample size. The final sample size was too 
small to complete the previously proposed statistical analyses. Therefore, slight 
modifications were implemented to the proposed secondary analysis in order to conduct 
Pearson correlations between continuous variables. Therefore, variables affecting 
outcome were used in these analyses to determine differences in relationships with scores 
on the BRIEF-P or ABAS-II across the ABI+NCs and ABI only groups. 
2.8 Hypotheses and Planned Statistical Analyses  
Aim 1: To examine differences in executive function, independence, and social 
functioning in children who experienced nonconvulsive seizures (NCS) after ABI and 
children who did not.  
Hypothesis 1: Children with NCS after ABI will demonstrate poorer executive function 
as measured by the BRIEF-P when compared to those with ABI only. Previous research 
has established a relationship between executive function and brain injury in children and 
has demonstrated pediatric brain injuries may cause deficits in executive functioning 
(Gioia & Isquith, 2004; Taylor et al., 1999; Sesma et al., 2008). Because various types of 
seizures after pediatric brain injuries are related to poorer outcome post-injury (Parrish et 
al., 2007; Johnson et al., 2009), it is likely NCS, which has been largely unstudied to 
date, will display a similar negative effect on executive function outcome.  
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Planned Statistical Analysis 1: Between groups comparisons were conducted to 
determine the difference in executive function outcomes for the ABI+NCS group and the 
ABI only group. An independent samples t-test was used to determine if scores on the 
BRIEF-P differed significantly between the two groups. Cohen’s d was then used to 
calculate effect size.   
Hypothesis 2: Children with NCS after ABI will score lower on measures of 
independence (e.g. perform fewer independent behaviors as observed by the parent) as 
indicated by the ABAS-II when compared to children with ABI only. Previous research 
has identified a relationship between pediatric brain injuries and difficulty performing 
adaptive behaviors related to functional independence (Gioia & Isquith, 2004). Executive 
function deficits common in brain injured children also significantly correlated with 
lower parent ratings of child’s overall independence at home or in the classroom (Taylor 
et al., 1999). As well, children who experience seizures post injury have been identified 
as having poorer outcomes (Parrish et al., 2007; Johnson et al., 2009). Therefore, children 
who experience NCS after ABI may have more difficulty performing functional 
independent behaviors than children without NCS after ABI because of the harmful 
effects of NCS which have largely remained unstudied to date.  
Planned Statistical Analysis 2: Between groups comparisons were conducted to 
determine the difference in the frequency of independent behaviors performed by 
children with NCS after ABI and children with ABI only. An independent samples t-test 
was used to determine whether the two groups differ significantly. Cohen’s d was used to 
calculate effect size.  
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Hypothesis 3: Children with NCS after ABI will score lower on measures of social 
functioning as indicated by the ABAS-II when compared to children with ABI only. 
Research has previously established a relationship between pediatric brain injuries and 
impaired social functioning, including social discourse impairments, difficulty with social 
information processing, and disinhibited personalities (Yeates et al., 2004; Dennis et al., 
2001; Gioia et al., 2004). Although there is limited research to date related to the effect of 
NCS on social functioning, studies have found seizures may be associated with poorer 
outcome because secondary insults stimulate further neurochemical changes and 
perturbation (Petridis et al., 2012). Therefore, it is likely NCS may have a more 
detrimental effect on outcome than the brain injury alone and will include social 
functioning deficits.  
Planned Statistical Analysis 3: Between groups comparisons were conducted to 
determine whether social functioning deficits are significantly different in children with 
NCS after ABI and children without NCS after ABI. An independent samples t-test was 
used to analyze group differences for scores of social functioning on the ABAS-II and 
PedsQL. Cohen’s d was used to calculate effect size.   
Aim 2: To examine relationships between variables that affect outcome following 
pediatric brain injury and scores on measures of executive function, independence, and 
social functioning when considering NCS after ABI.  
Hypothesis 4: Relevant variables and scores on measures of executive function, 
independence, and socialization will demonstrate stronger and more significant 
correlations in the ABI+NCS. These relevant variables encompass various participant 
characteristics including age, functional outcome status, quality of life, time since injury, 
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and socioeconomic status. Much of the pediatric brain injury literature focuses on an 
investigation of predictors of outcome (Anderson, Godfrey, Rosenfeld, & Catroppa, 
2012; Jaffe, Polissar, Gayle, & Liao, 1995). Although it may be important to investigate 
differences in the relationship between ABI+NCS or ABI alone on executive function, 
independence, and socialization, it may also be important to consider differences in the 
relationship between these variables that demonstrate an effect on outcome in participants 
with ABI+NCS or with ABI alone. Although there is limited research to date related to 
the effect of NCS on the relationship between and executive, independence, or 
socialization, studies have found seizures may be associated with poorer outcome 
because secondary insults stimulate further neurochemical changes and perturbation 
(Petridis et al., 2012). Therefore, NCS may modulate the relationship between these 
relevant variables and poor outcome.  
Planned Statistical Analysis 4: Pearson correlation analyses were conducted to 
determine the relationship between five variables and participants with ABI+NCS or 
participants with ABI alone. These variables include GOS-E Peds score, age, number of 
months post-injury, approximate annual family income, and PedsQL score. Pearson 
Correlations were conducted for the group of participants with ABI+NCS, and 
correlations were also conducted for the group of participants with ABI alone. Pearson 
correlations for all variables in each of the two groups were then compared to determine 
if there were differences in these relationships.  
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3. Results 
3.1 Analytical Strategy  
 All analyses were conducted using IBM SPSS Statistics 20. Analyses in the 
current study included descriptive statistics, independent samples t-tests, and Pearson 
correlation analyses. Descriptive analyses were performed for demographic variables, 
functional outcome status, executive functioning questionnaires, adaptive ability 
questionnaires, pediatric quality of life questionnaires, and variables affecting outcome. 
Nonconvulsive seizures (NCS) served as a measure of group status in comparison of 
group means and Pearson correlations. Participants were divided into two groups with 
one group consisting of participants with ABI+NCS and the other group consisting of 
participants ABI only (e.g. no NCS).  Means and standard deviations for variables of 
interest (or percentage/frequencies for categorical variables) were reported for each 
seizure group. Finally, variables affecting outcome were identified according to the 
literature and used throughout correlation analyses. These variables included injury 
severity (e.g. GOS-E Peds score), age, months since injury, annual family income, and 
quality of life (e.g. PedsQL score).  
The distribution of all variables was tested for normality using skewness and 
kurtosis statistical tests.  Statistical transformations were conducted accordingly for any 
variables that demonstrated a significant skew. Due to the exploratory nature of the 
current study, protecting against Type II error (e.g. a lack of power) became the main 
priority. Therefore, corrections for multiple analyses (i.e. Bonferonni corrections) were 
not implemented, and the criterion for statistical significance was p < .05 for all 
subsequent analyses. 
   
33 
 
3.2 Recruitment 
 For the overall study, 100 participants were contacted by phone and participated 
in the study. In the current study, 37 of these participants met all inclusion criteria for 
participation.  Data pertaining to demographics, functional outcome status (GOS-E Peds), 
and pediatric quality of life (PedsQL) was collected from all 35 participants. Of these 35 
participants, 27 completed the BRIEF-P and 35 completed the ABAS-II. However, 
executive function and adaptive ability measures (e.g. BRIEF-P and ABAS-II) were 
completed by only 25 total participants. Figure 2 displays the recruitment of participants 
from the larger pool into participants used in BRIEF-P and ABAS-II analyses. 
3.3 Characteristics of the Sample 
 In the current study, the overall sample consisted of 37 participants that met 
inclusion criteria.  The sample was 70.3% (n=26) male and 29.7% female (n=11). Fifty-
seven percent (n=21) of the sample had ABI+NCS, while 43% (n=16) had ABI only.  
Sixty-three percent of the sample identified as White, 19% identified as African 
American, 3% identified as Hispanic, 3% identified as Mixed Background, and 8% 
identified as another race/ethnicity. Thirty percent of the sample (n=11) was identified as 
having an epilepsy-related injury, while 54% (n=20) of participants’ injuries were 
categorized as structural and 16% (n=6) were categorized as nonstructural. Mean age was 
9.5 years (SD=4.3), and the mean number of months between injury and study 
participation was 37.7 (SD=11.4). Although 46% (n=17) of the sample was identified as 
having an “unfavorable” functional outcome (i.e. GOS-e Peds score of 5 or 6), 54% 
(n=20) of the sample was identified as having a “favorable” functional outcome (i.e. 
GOS-E Peds score of 4, 3, 2, or 1), with a mean GOS-E Peds score of 3.6 (SD=2.1). 
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Finally, the mean pediatric quality of life score (PedsQL Total) was 63.5 (SD=23.9), and 
the mean annual family income was $91,143 (SD=$52,217). Table 2 shows descriptive 
statistics for participants in the overall group, the BRIEF-P group, or the ABAS-II group.  
3.4 Independent Samples T-Tests Comparing ABI+NCS to ABI on BRIEF-P and 
ABAS-II 
It was hypothesized that there would be differences in performance on measures 
of executive function, independence, and socialization when comparing a group of 
participants with ABI+NCS to a group with ABI only. Independent samples t-tests were 
conducted to determine whether there were between-group differences on subscale scores 
of the BRIEF-P (executive function) and the ABAS-II (independence and socialization).  
3.4.1 Independent Samples T-Tests for BRIEF-P.   
Twenty-three participants met criteria for inclusion, completed, and 
returned the BRIEF-P. These 23 participants were then matched on 4 variables, 
including age, gender, GOS-E Peds score, and seizures. This method of matching 
resulted in 2 equivalent groups of 11 participants, with one group representing 
participants with ABI +NCS and the other representing participants with ABI 
only. By matching participants on these 4 domains to create 2 equivalent groups, 
independent samples t-tests were conducted using 22 participants. Table 3 
displays the descriptive statistics for the ABI+NCS and ABI only groups.   
Scores from the BRIEF-P were analyzed to determine whether there were 
between group differences. Raw scores on the Global Executive Composite 
(GEC), the Behavioral Regulation Index (BRI), and the Metacognition Index 
(MCI) were calculated from the BRIEF-P and used throughout these analyses.  
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Independent samples t-tests were conducted to determine whether raw 
scores on the BRIEF-P differed between participants with ABI+NCS or ABI only. 
All assumptions were met for scores on the GEC and the MCI, including 
Levene’s test for the equality of variances, normality, and independence of 
samples. Although scores on the BRI subscale of the BRIEF-P conformed to 
assumptions of equality of variances and independence of samples, the BRI 
subscale scores violated the assumption of normality. Therefore, an inverse 
transformation was conducted to obtain a normal distribution for BRI scores, and 
the transformed score was used throughout analyses. 
There were no significant between group differences when comparing 
scores on the GEC (t (20) = -.91, p=.37, d=.38) or BRI (t (20) = 1.69, p=.11, 
d=.63). A trend towards significance was observed for scores on the MCI,  
t (20) = -1.98, p=.06, d=.84. 
3.4.2 Independent Samples T-tests for ABAS-II. 
Thirty-five participants met criteria for inclusion, completed, and returned 
the ABAS-II. These 35 participants were then matched on four variables, 
including age, gender, GOS-E Peds score, and seizures. This matching method 
resulted in 2 equivalent groups of 14 participants, with one group representing 
participants with ABI+NCS and the other representing participants with ABI 
only. By matching participants on these 4 domains to create 2 equivalent groups, 
independent samples t-tests were conducted using 28 total participants. 
Raw Scores from the ABAS-II were analyzed to determine whether there 
were between group differences. The Community Use Subscale score, the Self-
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Direction Subscale score, the Social Subscale score, and the Social Domain score 
were calculated from the ABAS-II and used throughout these analyses. Table 4 
displays demographic data for the ABI+NCS and ABI groups.  
Independent samples t-tests were conducted to determine whether scores 
on the ABAS-II differed between groups for participants with ABI and 
participants with ABI and NCS. All assumptions were met for scores on the Self-
Direction, Social, and Social Domain scores, including Levene’s test for the 
equality of variances, normality, and independence of samples.  Although scores 
on the Community Use subscale of the ABAS-II conformed to assumptions of 
normality and independence of samples, the Community Use subscale raw score 
violated Levene’s test for the equality of variances (p=.005). To account for this 
assumption violation, calculations were performed considering equal variances 
were not assumed and degrees of freedom were adjusted using the Welch-
Satterthwaite method.  
There were no significant between group differences when comparing 
scores on the Social Subscale (t (26) = 1.65, p=.11, d=.62) and Social Domain  
(t (26) = 1.44, p=.16, d=.56). Significant between group differences were 
observed for the Community Use subscale (t (19) = 2.54, p=.02, d=.98), and 
scores on the Self-Direction Subscale approached significance, t (26) = 1.97, 
p=.06, d=.75.  
3.5 Correlation Analyses for ABI+NCS and ABI Groups 
 It was hypothesized NCS following pediatric ABI would impact the relationship 
between variables that have been shown to affect outcome and scores on measures of 
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executive function, independence, and social functioning. These variables included age, 
GOS-E Peds score, PedsQL score, months since injury, and annual family income. The 
same scores used in previous analyses in this study were utilized as measures of 
executive function, independence, and social functioning. For the BRIEF-P, GEC, BRI, 
and MCI raw scores were evaluated. For the ABAS-II, raw scores on the Community Use 
Subscale, Self-Direction Subscale, Social Subscale, and Social Domain were evaluated.  
 For the ABI+NCS and the ABI groups, separate Pearson correlations were 
conducted to determine the relationship between variables that affect outcome and 
BRIEF-P or ABAS-II scores. The ABI+NCS and ABI groups were made equivalent  
using the same matching process as earlier statistical analyses, in which participants were 
paired using age, gender, GOS-E Peds score, and seizures.  Pearson correlations were 
then conducted for the ABI+NCS group to determine the relationship between variables 
affecting outcome and BRIEF-P or ABAS-II scores. As well, Pearson correlations were 
conducted for the ABI group. Subsequently, r-values and p-values calculated for each 
relationship in the ABI+NCS group were compared to r-values and p-values calculated 
for each relationship in the ABI group to determine if there were differences across 
groups.  
 3.5.1 BRIEF-P Correlation Analyses. 
No significant relationships between the five variables affecting outcome 
and BRIEF-P raw scores were identified through Pearson correlations in either the 
ABI+NCS or ABI group. However, there was a trend towards a significant 
relationship between months since injury and BRI score in the ABI+NCS group 
(r=.57, r
2
=.32, p=.06). This trend was not observed in the ABI group, as the 
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relationship between months since injury and BRI score was not found to be 
significant (r=-.39, r
2
=.15, p=.24).  
 3.5.2 ABAS-II Correlation Analyses. 
When considering scores on the ABAS-II, several significant relationships 
were identified in the ABI+NCS and ABI groups. It is important to note two of 
the variables affecting outcome, months since injury and annual family income, 
were not identified as significantly related to ABAS-II raw scores in either of the 
two groups. However, significant relationships were identified when considering 
variables such as age, GOS-E Peds score, and PedsQL score. Table 5 
demonstrates all of the significant relationships between predictor variables and 
ABAS-II raw scores in the ABI+NCS and ABI groups. 
Many of the relationships between variables affecting outcome and 
ABAS-II raw scores were significant in both the ABI+NCS group and the ABI 
only group. However, several relationships were significant in only one of the two 
groups. In the ABI+NCS group, significant relationships were identified between 
GOS-E Peds score and Community Use (r=-.77, r
2
=.59, p=.001) and PedsQL and 
Community Use (r=.61, r
2
=.37, p=.02). However, these same relationships were 
not significant in the ABI only group (r=.39, r
2
=.15, p=.18; r=.28, r
2
=.08, p=.36).  
In the ABI only group, significant relationships were identified for Age and 
Community Use (r=.87, r
2
=.75, p<.001) and Age and Self-Direction (r=.78, 
r
2
=.61, p=.001). However, these same relationships were not significant in the 
ABI+NCS group (r=-.28, r
2
=.08, p=.33; r=-.46, r
2
=.21, p=.1) 
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3.6 Exploratory Analyses 
Although a series of independent samples t-tests and Pearson correlations were 
completed to examine between group differences in raw scores on the BRIEF-P and 
ABAS-II, equivalent groups could have been formulated using an alternative method. 
The previous analyses were completed by separating participants into two groups (NCS 
or No NCS) and matching participants from each group on variables including age, 
gender, and GOS-E Peds score. Although these three variables consider aspects of current 
outcome, they do not take into account participants’ functioning at the time of injury. In 
the previous short-term outcome study discussed earlier, researchers had measured 
functional status at the time of discharge from the PICU using the Pediatric Cerebral 
Performance Category Score (PCPC). Therefore, the PCPC score serves as a measure of 
functional status at the time of the injury. 
Throughout these exploratory analyses, two groups (NCS or NO NCS) were 
created and participants were matched on variables including age, gender, and PCPC 
score. Subsequently, a series of independent samples t-tests and Pearson correlations 
were conducted.  
3.6.1 Exploratory Analyses: BRIEF-P Independent Samples T-tests. 
Data from 18 participants was used to conduct independent samples t-tests 
in order to determine whether raw scores on the BRIEF-P differed between 
ABI+NCS (n=9) and ABI (n=9) groups. Table 6 displays all demographic data for 
participants in each of the two groups. All assumptions were met for scores on the 
GEC and MCI, including Levene’s test for the equality of variances, normality, 
and independence of samples.  Although raw scores on the BRI subscale of the 
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BRIEF-P conformed to assumptions of equality of variances and independence 
samples, the BRI subscale scores violated the assumption of normality. Therefore, 
an inverse transformation was conducted to obtain normality for BRI scores, and 
the transformed score was used throughout analyses. 
There were no significant between group differences when comparing 
scores on the GEC (t (16) = -.98, p=.34, d=.46), BRI (t (16) = 1.0, p=.33, d=.31), 
or the MCI (t (16) = -1.1, p=.29, d=.51).  
3.6.2 Exploratory Analyses: BRIEF-P Correlation Analyses. 
Pearson correlations were conducted to investigate the relationships 
between variables affecting outcome and BRIEF-P raw scores. Relationships 
identified in the ABI+NCS group were compared to relationships identified in the 
ABI group. There were no significant relationships between relevant variables 
and executive functioning indexes.  
3.6.3 Exploratory Analyses: ABAS-II Independent Samples T-tests. 
Data from 24 participants was used to conduct independent samples t-tests 
in order to determine whether raw scores on the ABAS-II differed between 
ABI+NCS (n=12) and ABI (n=12) groups. Table 7 displays demographic data for 
all participants in each of the two groups. All assumptions were met for raw 
scores on Self-Direction Subscale, Social Subscale, and Social Domain, including 
Levene’s test for the equality of variances, normality, and independence of 
samples.  Although raw scores on the Community Use subscale of the ABAS-II 
conformed to assumptions of equality of variances and independence samples, the 
scores violated the assumption of normality. Therefore, a natural log 
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transformation was conducted to obtain normality for Community Use Subscale 
scores, and the transformed score was used throughout analyses. 
There were no significant between group differences when comparing raw 
scores on the Self-Direction Subscale (t (21) = .66, p=.51, d=.27), Social Subscale 
(t (21) =.50, p=.62, d=.21), or Social Domain (t (21) = .43, p=.68, d=.18). 
However, there were significant differences between groups on the Community 
Use Subscale, t (16) = 2.1, p=.05, d=.46.  
3.6.4 Exploratory Analyses: ABAS-II Correlation Analyses. 
Pearson correlations were conducted to investigate the relationships 
between variables affecting outcome and scores on subscales of the ABAS-II in 
the ABI+NCS and ABI groups. There were several significant correlations in each 
of the two groups. A significant relationship was identified between age and 
Community Use Subscale raw score (r=.73, r
2
=.53, p=.04) for the ABI group, 
while the relationship was not significant for the ABI+NCS groups (r=-.06, 
r
2
=.003 p=.87). In the ABI group, the relationship between Self-Direction 
Subscale raw score and PedsQL score was significant (r=.64, r
2
=.41, p=.04). 
However, this relationship was not significant for the ABI +NCS group (r=.48, 
r
2
=.23, p=.11). In both the ABI group and the ABI+NCS group, there was a 
significant relationship between Social Subscale raw score and PedsQL score 
(r=.73, r
2
=.53, p=.01; r=.68, r
2
=.46, p=.02). Additionally, both groups 
demonstrated a significant relationship between the Social Domain Score and 
PedsQL score (r=.68, r
2
=.46, p=.02; r=.69, r
2
=.48, p=.01). Finally, a trend toward 
a significant relationship was identified in the ABI group between age and the 
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Self-Direction Subscale score (r=.58, r
2
=.33, p=.06); however, this relationship 
was not significant in the ABI+NCS group (r=-.34, r
2
=.12, p=.28). Table 8 shows 
Pearson correlations for significant relationships across the two groups.  
 
4. Discussion 
 The overarching objective of the current study was to examine differences in 
long-term executive and adaptive functioning when comparing children with ABI+NCS 
to children with ABI only. The current study was one of the first to examine whether 
NCS post pediatric ABI increased impairment in executive function, independence, or 
social functioning. Overall, between group differences and trends were identified on 
measures of executive and adaptive functioning in initial and exploratory analyses. 
Additionally, differences in the strength and direction of relationships between relevant 
variables and dependent domains (e.g. executive function, independence, or social 
functioning) were identified in initial and exploratory analyses. 
4.1 Comparing ABI+NCS and ABI on Executive Function and Adaptive Abilities 
In the current study, the first specific aim sought to examine differences on 
measures of executive function, independence, and social functioning in the ABI+NCS 
and ABI groups. Because various types of seizures after pediatric brain injury are related 
to poorer outcomes post-injury (Parrish et al., 2007; Johnson et al., 2009), it was 
hypothesized that participants with ABI+NCS would manifest greater impairment in 
executive, independent, and social functioning post-injury than participants with ABI 
only.  
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Results did indicate differences between the two groups on measures of executive 
function; however, scores on all three indexes of executive function did not fall within 
the hypothesized direction. On each BRIEF-P index, participants with ABI+NCS actually 
endorsed more executive behaviors than the ABI group, suggesting less executive 
impairment (e.g. more executive skills). Of note, a trend for between groups differences 
was observed for scores on the MCI, with average raw scores continuing to remain higher 
in the ABI+NCS group. Despite not reaching significance, the t-statistic and effect size 
for MCI scores are quite large, which signifies the probability is small that the means of 
the two populations are the same and the effect of NCS is relatively strong. What 
becomes particularly problematic is trying to understand why NCS had a strong effect in 
a direction that was incongruent with the hypothesis. 
Several factors may account for the lack of between group differences and 
difficulty understanding the direction of NCS’s effect on brain injury. Sample size was 
small with only 11 participants in each group ranging in age from 4 to 18 years. Although 
including a wide range of participants increased sample size and power throughout 
analyses, confounding variables such as development, maturation, or life experience were 
prevalent and may have contributed to the lack of significant findings. As well, this study 
considered participants with varying levels of injury severity, including those with 
normal/good recovery and those with very severe injuries and disabilities. Although this 
malleable inclusion criterion allowed more participants to be assessed, including a 
multitude of injury severity categories may have created within-group differences. 
Because each group was inherently different, it may have been even more difficult to 
compare the ABI and ABI+NCS groups. Finally, participants in this study all suffered 
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brain injuries at different times between 2008 and 2011. As a result, participants were 
anywhere from 18 to 60 months post-injury. Therefore, these varying time periods post-
injury for each participant may have created within-group differences and significant 
confounds may have contributed to the lack of observed differences.  
In addition to variability in sample characteristics, previous studies have cited 
parents may have difficulty recognizing “executive” behaviors when completing the 
BRIEF-P (Gioia, Isquith, Guy, & Ken worthy, 2000).  Although the BRIEF-P is lauded 
for its evaluation of executive function in real-world situations, parents may still have had 
difficulty rating how frequently their child performs particular behaviors (Gioia, Isquith, 
Guy, & Ken worthy, 2000). Additionally, an argument against the BRIEF-P is that 
parents may overestimate their child’s ability and endorse behaviors their children do not 
perform, which may significantly limit the accuracy of the evaluation. Research 
personnel observations of children’s executive abilities in real-world situations (e.g. 
performance-related evaluations) may be more meaningful. 
Building on these comparisons of executive functioning, between groups 
differences were observed for the Community Use Subscale of the ABAS-II. As well, 
trends were identified for the Self-Direction Subscale of the ABAS-II. Although these 
between group differences and trends were observed, the direction of scores on these 
measures was not congruent with hypotheses. The ABI+NCS group actually endorsed 
more independent behaviors than the ABI group, suggesting they have less impairments 
in independent functioning.   
Because between group differences approached significance for performance on 
metacognitive aspects of the BRIEF-P, it is not surprising group differences in 
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independent functioning would also fall in these similar directions.  Essentially, it has 
been argued that independent behaviors rely on metacognitive aspects of executive 
function, such as initiation, monitoring, planning, and organization (Taylor et al., 1999; 
Mangeot et al., 2002). Therefore, although in the opposite direction as hypothesized, 
these results do seem to be congruent with previous literature that demonstrates the 
association between metacognition and independent functioning. 
Finally, between groups differences on subscales of social functioning of the 
ABAS-II were not identified. However, the average scores for both the Social Subscale 
and Social Domain did fall within hypothesized directions. Therefore, consistent with 
hypotheses, the ABI group endorsed more social behaviors, signifying the ABI+NCS 
group experienced greater impairment in social functioning. Although the groups did not 
differ significantly, it is interesting to observe that analyses for social behaviors were the 
only subscales to show results in the hypothesized direction. Because results from the 
executive and independent functioning scales did not fall within the hypothesized 
direction, it is difficult to understand why these trends would suddenly shift for the social 
functioning subscales.  
This finding may be accounted for by the variability in sample characteristics or 
the selection of measures. In terms of the measures selected, the social subscales of the 
ABAS may have been more straightforward for parents to evaluate their child’s behavior 
as compared to independent or social functions. Perhaps with a larger sample size, more 
power, and less variability in participant characteristics, between group differences would 
be identified between ABI+NCS and ABI groups on measures of social functioning. 
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4.2 Relationships between Variables Affecting Outcome, Executive Function, and 
Adaptive Abilities 
 
The second specific aim of the study sought to examine differences in 
relationships between variables affecting outcome and executive, independent and social 
functioning in ABI+NCS and ABI groups. These relevant variables included age, injury 
severity, quality of life, time since injury, and socioeconomic status (Anderson et al., 
2012; Jaffe, Polissar, Gayle, & Liao, 1995). Because of the secondary, additive 
physiological impact NCS may have on the brain following ABI, it was hypothesized that 
variables affecting outcome would be more strongly related to executive function, 
independence, and socialization in the ABI+NCS group.  
Overall, associations between relevant variables and executive, independent, and 
social functioning were not found to be consistently stronger in the ABI+NCS group. 
Several significant relationships were identified between age, injury severity (GOS-E 
Peds), pediatric quality of life (PedsQL), and ABAS-II scores. Many of these 
relationships were observed in both of the two groups, although some differences in the 
strength and significance of relationships were indicated. Alternatively, the direction and 
strength of some of these relationships is quite difficult to understand and incongruent 
with previous findings.   
Firstly, in terms of unobserved relationships, annual family income and months 
post injury were not found to be associated with any of the dependent domains. As well, 
relevant variables were not found to be associated with executive functioning scores in 
either of the two groups. Because previous research has observed associations between 
these relevant variables and dependent domains, sample variability within each of the two 
groups may have confounded observable relationships.  
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In the ABI only group, age appeared to be most strongly related to independent 
functioning (e.g. Community Use and Self-Direction), and results demonstrated strong 
positive correlations and large effect sizes. Therefore, in the ABI group, with increased 
age, more independent skills were endorsed. This result is incongruent with the current 
study’s hypotheses, which estimated stronger relationships would be observed in the 
ABI+NCS group as a result of the secondary physiological impact from NCS. There is no 
evidence to account for the lack of observed relationships in the ABI+NCS group, 
although sample variability may have clouded the identification of correlations.  
Alternatively, relationships between age and social functioning were identified in 
both ABI and ABI+NCS groups. However, the directions of these associations are 
incongruent across the two groups. In the ABI group, age is positively correlated with 
social functioning, which signifies that older children are performing more social skills. 
On the other hand, a strong negative correlation was observed in the ABI+NCS group 
and suggests younger children are performing more social behaviors. It is difficult to 
understand why the ABI and ABI+NCS group would have completely divergent results, 
and it is even more concerning to observe the ABI+NCS group’s result goes against well-
established relationships in previous research. The ABI+NCS group result also does not 
make intuitive sense, as younger children should not be outperforming older children in 
behaviors that are dependent on developmental age. The observed inconsistencies in 
these results may not be accounted for by previous research; however, sample variability 
and measurement issues most likely accounts for these observed relationships. The entire 
sample and each specific group varied greatly in age, injury severity, and time since 
injury. The groups may have been too different within themselves to adequately assess 
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the relationship between relevant variables and executive, independent, or social 
functioning.  As well, parents may have had difficulty rating the frequency of their 
child’s performance of independent or social behaviors. Of note, parents often expressed 
concern over the Community Use Subscale and expressed that many of the behaviors to 
be rated may be out of date. Therefore, they could not endorse that their child performed 
a behavior simply because there was never an opportunity for their child to perform the 
specific behavior. Although problems with this specific subscale are not within the scope 
of the current study, it remains important to consider measurement issues as a contributor 
to these inconsistent findings. 
Building on the relationships between age and ABAS-II scores, injury severity 
(GOS-E Peds Score) was found to be negatively correlated with scores on the self-
direction and social functioning subscale in both the ABI and ABI+NCS groups. These 
results are congruent with previous research that indicates less severe injuries are 
associated with less impairment on independent or social domains. Interestingly, more 
variance was accounted for in these relationships by the ABI+NCS groups. The larger 
effect sizes may be accounted for by the presence of NCS after ABI; however, it is also 
important to consider how sample variability within and between the two groups may 
have influenced effect size. Alternatively, a strong negative correlation was identified 
only for the ABI+NCS group for injury severity and Community Use score. This result 
could indicate that ABI+NCS better accounts for the relationship between injury severity 
and independent functioning. However, although this relationship falls within the 
expected direction, it is important to note previous difficulties with the Community Use 
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Subscale of the ABAS-II that may account for a lack of observed relationships in the ABI 
group.  
Finally, in the ABI+NCS group, a significant positive correlation was identified 
between quality of life and self-direction and social functioning domains in both the ABI 
and ABI+NCS groups. This result suggests that as PedsQL scores increase, performance 
of independent and social behaviors increases, and this relationship is consistent with 
previous research. Interestingly, a positive correlation between quality of life and 
Community Use was observed for the ABI+NCS group and not the ABI group. Of note 
and as discussed previously, this same directional relationship was observed in the 
ABI+NCS group for injury severity and Community Use. Although NCS may account 
for this stronger relationship, it is likely sample variability and inaccuracy of scores on 
the Community Use subscale may also account for this relationship.  
4.3 Discussion of Exploratory Analyses 
After completing these original statistical analyses, it became clear that other 
methods of group formulation may be used to assess differences between the two groups. 
Although the previous analyses created two equivalent groups based on age, gender, 
GOS-E Peds score, and seizures (NCS or no NCS), differentiations could be formulated 
by matching participants on age, gender, Discharge PCPC score, and seizures. There 
were no significant differences between ABI+NCS and ABI groups on measures of 
executive function. Although differences between the two groups were not observed, it is 
important to note the average raw scores on all three indices of executive function did not 
fall in the hypothesized direction. These analyses actually demonstrated the ABI+NCS 
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group performed more executive skills and exhibited less executive impairment than the 
ABI group.  
On the other hand, between group differences were observed on only the 
Community Use Subscale of the ABAS-II. As well, all scores on measures of 
independent and social functioning fell within the hypothesized direction. Although 
between-groups differences were only observed for Community Use, the ABI+NCS 
group consistently endorsed fewer independent and social behaviors than the ABI group. 
These results are particularly important because they contrast findings from the original 
analyses. Although the original analyses also identified between group differences on the 
Community Use Subscale, the direction of these scores were incongruent with 
hypotheses, as the ABI+NCS group endorsing more independent skills. Therefore, the 
reformulation of groups using injury severity at the time of the injury may provide an 
important contrast in attempting to differentiate between ABI and ABI+NCS groups. 
Despite the promising trends of results in hypothesized directions with these exploratory 
analyses, there are some additional limitations to consider. As we reformulated the 
groups, sample size decreased, which further decreases power and control for Type II 
error. Finally, several confounds may account for these results as participants ranged in 
age, injury severity, and time since injury.  
Similar to the previous analyses, no relationships were identified between annual 
income, months since injury, or injury severity and any of the dependent domains. As 
well, there were no relationships observed between relevant variables and executive 
functioning domains. Alternatively, there were several relationships identified for age and 
quality of life in each of the two groups. In the ABI and ABI+NCS groups, strong 
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positive correlations were observed between quality of life and social functioning 
measures. Although results are not consistent with hypotheses, these findings are 
congruent with previous research that has identified higher parent ratings of quality of 
life are associated with more social behaviors. Finally, although incongruent with 
hypotheses, age and quality of life were found to be strongly, positively correlated with 
independent functioning in only the ABI group. Therefore, with increased age and higher 
parent ratings of quality of life, participants were performing more independent 
behaviors.  
Because these findings are incongruent with hypotheses, it is important to 
consider small sample size and lack of power in our comprehension of these results. As 
well, sample variability may have contributed to our lack of observed differences in 
relationships between the ABI and ABI+NCS groups.  
4.4 Limitations and Future Directions 
Taken together, these results demonstrate the first investigation into the 
consideration of NCS following pediatric ABI. Further investigations are needed to 
determine whether these results are representative of participants with ABI and NCS. 
Future research should consider several limitations of this study. As discussed previously, 
small sample size, lack of power, large age range, and large range of injury severity may 
have all contributed to these results.  Although the sample was fairly diverse in 
demographic variables related to type of injury, time since injury, and socioeconomic 
status, it is necessary for inclusion criteria to be more stringent to eliminate these 
significant confounds.  
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In further investigations of executive function, it would be necessary to limit age 
range, as these abilities tend to begin developing around age 5, continue throughout 
adolescence and young adulthood, and may be affected by development, maturation, or 
life experience. (Gioia & Isquith, 2004; Mangeot, Armstrong, Colvin, Yeates, & Taylor, 
2002; Sesma et al., 2008). As well, it would be necessary to limit the range of 
participant’s injury severity, which may significantly affect the number and frequency of 
behaviors endorsed on the BRIEF-P or ABAS-II. In this study, including a range of 
injury severity from severe disability to good recovery may have produced significant 
within group differences, which then contributed to the lack of observed differences 
between groups. Perhaps by analyzing a subset of participants with only upper/lower 
good recovery, upper/lower moderate disability, and upper/lower severe disability would 
yield different results.  
Although several participant characteristics were assessed in this study (e.g. age, 
injury severity, socioeconomic status), there were several participant characteristics that 
were not considered that may have impacted our results. For example, data concerning 
family structure or characteristics was never collected. These variables may include 
number of parents, biological/adoptive/foster parents, number of children/siblings in the 
home, or amount of time spent with the child each day. These types of family 
characteristics may significantly impact parents’ completion of the questionnaire 
measures used in this study. For example, a single parent of 4 children experiencing more 
stress and burden may rate their child’s behavior completely different than an adoptive 
parent with one child. In future studies, it would be important to consider how these 
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family characteristics may affect data collection, accuracy of parent reporting, or 
recovery of function.  
An additional consideration for further studies is the reconceptualization of injury 
classification and seizure categorization. In this study, structural, non-structural, or 
epilepsy-related injuries were all classified as ABI. However, it may be necessary to 
control for inherent physiological differences across these categorizations of ABI, and 
further studies should consider re-conceptualizing ABI into either structural, non-
structural, or epilepsy-related injuries. As well, it may be beneficial for future studies to 
analyze NCS as a continuous variable (rather than a categorical variable) representing the 
number of seizures a participant had or the length of time seizures continued.  
Finally, several significant limitations were related to the overall research design 
of the current study. As discussed earlier, participants were recruited from a larger pool 
of individuals that previously participated in a short-term outcome study completed 
between July 2008 and January 2011. Therefore, participants who were recruited and 
participated in the current study sustained their brain injury approximately 2 years to 5 
years ago. This broad, three year range may be of some concern considering the 
importance of time since injury on recovery of function; however, research has 
established that recovery of function in many children with pediatric brain injuries does 
plateau after approximately one year post-injury (Jaffe et al., 1995; Sigurdardottir et al., 
2009; Anderson et al., 2012). Another limitation of the study related to this 2 to 5 year 
post-injury range is that these years may be too far out from the time since injury to 
detect any meaningful impairments or differences within groups or between groups. 
Long-term outcome studies following pediatric brain injury have been conducted at 
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several different time periods post-injury (Jaffe et al., 1995); however, there is no 
definitive research regarding when it is too soon or too late to detect impairments or 
differences. Finally, there may be an inherent selection bias in this study related to 
recruitment and method of data collection. All recruitment and completion of 
participation in the study was accomplished over the phone and through the mail. This 
method of data collection assumes all participants have access to a telephone, maintain a 
telephone number, may easily access received mail, and may easily return mail to the 
sender. These assumptions represent significant limitations for this study as researchers 
encountered many eligible participants that did not have a phone number, had numbers 
no longer in service, or did not have a valid postal address. Participation in this study was 
therefore self-selecting for participants who had access to these resources, had time to 
participate, and maintained the diligence for sustained commitment in this multi-step 
study.  
4.5 Conclusions 
It is important to recognize the novelty of the current study, as it is the first to 
consider the impact nonconvulsive seizures (NCS) may have on cognition and behavior 
after pediatric brain injury. Because there are no previous studies against which these 
results may be compared, it is difficult to determine whether these analyses will be 
maintained as valid and reliable throughout subsequent studies. Recommendations for 
future studies investigating these variables include larger sample sizes, more stringent 
inclusion criteria, and further investigation into measures that assess executive function, 
independence, or socialization. Additionally, it may be important to apply integral 
55 
 
changes to the research design, which include assessing outcome closer to the time of 
injury, recruiting participants in person, and collecting data in person.  
Of note, many results were incongruent with hypotheses, as the ABI+NCS group 
was actually shown to endorse more executive and independent skills. Although the 
significant variability of this sample may account for these results, this novel analysis 
indicates the necessity for further consideration of NCS’s physiological impact on the 
injured brain. Of particular importance for future research is the detailed analysis of the 
differences in neurochemical changes post-injury in children with ABI or ABI+NCS. 
Additionally, it will be important to more comprehensively investigate whether 
physiological changes associated with NCS are additive or simply a symptom (or 
manifestation) of the actual brain injury.  
In conclusion, NCS and behaviorally manifested seizures are just two 
consequences of physiological changes that may occur in the acute stage following 
pediatric brain injury that deserve further attention. A wealth of research has investigated 
how physiological and psychosocial changes in the months and years post-injury affect 
outcome. Moving forward, it becomes necessary to question how outcome may be 
determined by physiological changes in the acute period—the hours, days, and weeks 
following pediatric brain injury. 
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Table 1. Measures, Dependent Variables, and Subscale Scores.  
 
 
 
Measures Dependent Variables Subscale Scores 
BRIEF-P Executive Function Global Executive Composite 
(GEC) 
Behavioral Rating Index (BRI) 
Metacognitive Index (MCI) 
ABAS-II Independence Community Use Subscale 
Self-Direction Subscale 
Socialization Social Subscale 
Social Domain 
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Table 2. Demographic Data for Overall, BRIEF-P, and ABAS-II Participants.  
 
    Overall         BRIEF-P        ABAS-II 
     (n=37)         (n=27)          (n=35) 
 
Categorical Variables          n  %            n        %      n        %     
Male           26          70.3               18      66.7     24              69 
Female           11          29.7     9      33.3     11        31 
ABI           16          43.0    16      59.3     14        40 
ABI+NCS          21          57.0    11      40.7     21        60 
Epilepsy                 11          30.0            7      25.9     10      28.6 
Structural          20          54.0       15           55.6     19      54.3 
Non-structural           6           16.0          5      18.4         6      17.1 
Favorable Outcome          20          54.0       16      59.3     18      51.4 
Unfavorable Outcome         17          46.0        11      40.7     17      48.6 
White           23          63.0    15      55.6     23         63 
African American          7         19.0      5      18.5       7         19 
Hispanic                    1           3.0           1        3.7       1          3 
Mixed Background          1           3.0      1        3.7       1          3  
Other Background          3           8.0      3      11.1                      3          8 
 
Continuous Variables         M           SD   M        SD       M              SD 
Age          9.5            4.3    9.6        4.4      9.4          4.4 
Months Post-Injury       37.7         11.4   36.3      11.3                   37.3        11.4 
GOS-E Peds          3.6           2.1    3.4        1.9       3.7             2.1 
PedsQL              63.5         23.9  65.9      23.4       62.3        23.8 
Annual Income     $91,143     $52,217           $63,592         $45,861           $91,230    $53,597 
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Table 3. Demographic Data for Participants in BRIEF-P Analyses in the ABI+NCS 
or ABI Group. 
 
 
 
           ABI +NCS                 ABI 
              (n=11)         (n=11) 
 
Categorical Variables           n               %              n              % 
Male             7             63.6             7  63.6 
Female            4  36.4           4  36.4 
Epilepsy            5  45.5           1  9.1 
Structural            3  27.3           8  72.6 
Non-structural            3  27.3           2  18.2 
Favorable Outcome            6  54.5           5  45.5 
Unfavorable Outcome           5  45.5           6  54.5 
 
Continuous Variables          M              SD              M               SD 
Age           8.3  4.5          8.6   3.9 
Months Post-Injury        40.5 11.1         36.4   9.6 
GOS-E Peds          3.8  1.9          3.4   2.1 
PedsQL         59.0 25.4         72.9   22.6 
Income      $99,333      $45,486    $62,556         $28,867 
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Table 4. Demographic Data for Participants in ABAS-II Analyses in the ABI+NCS 
or ABI Group. 
 
           ABI+NCS      ABI 
              (n=14)         (n=14) 
 
Categorical Variables           n               %              n              % 
Male             9             64.3             9  64.3 
Female            5  35.7           5  35.7 
Epilepsy            7  50.0           1  9.1 
Structural            4  28.6           10 71.4 
Non-structural            3  21.4           3  21.4 
Favorable Outcome            4  28.6           8  57.1 
Unfavorable Outcome         10  71.4           6  42.9 
 
Continuous Variables          M              SD              M               SD 
Age           8.5  3.9          9.4   4.6 
Months Post-Injury        40.0 11.9         35.9   10.6 
GOS-E Peds          4.6  1.9          3.6   1.9 
PedsQL         53.2 23.8         68.2   24.1 
Income     $107,900      $52,869                 $63,455     $26,113 
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Table 5. Relationship between Variables Affecting Outcome and Executive 
Function, Independence, and Socialization.  
 
 
 
ABI          ABI+NCS    
 
BRIEF-P Variables   r     r        
BRI x Months Post-Injury        .57 (r
2
=.32)*       -.39 (r
2
=.15) 
 
ABAS-II Variables  
Age x Community Use        .87 (r
2
=.76)***         -.28 (r
2
=.08) 
Age x Self-Direction         .78 (r
2
=.61)***         -.46 (r
2
=.21) 
Age x Social          .59 (r
2
=.35)**         -.55 (r
2
=.30)* 
Age x Social Domain         .52 (r
2
=.27)*         -.59 (r
2
=.35)* 
GOS-E Peds x Community Use   -.39 (r
2
=.15)         -.77 (r
2
=.59)*** 
GOS-E Peds x Self-Direction       -.60 (r
2
=.36)**         -.70 (r
2
=.49)*** 
GOS-E Peds x Social        -.70 (r
2
=.49)***         -.86 (r
2
=.74)*** 
GOS-E Peds x Social Domain      -.68 (r
2
=.46)***         -.84 (r
2
=.71)*** 
PedsQL x Community Use         .28 (r
2
=.08)                     .61 (r
2
=.37)** 
PedsQL x Self-Direction          .51 (r
2
=.26)*                      .52 (r
2
=.27)* 
PedsQL x Social          .69 (r
2
=.48)***           .69 (r
2
=.48)*** 
PedsQL x Social Domain         .62 (r
2
=.38)***           .72 (r
2
=.52)*** 
 
 
*     Correlation approaches significance. 
**   Correlation is significant at p=.05. 
*** Correlation is significant at p=.01 
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Table 6. Demographic Data for ABI+NCS and ABI Groups in the Exploratory 
Analysis Using BRIEF-P Scores 
 
 
 
 
 
            ABI+NCS                 ABI 
                (n=9)          (n=9) 
 
Categorical Variables           n               %              n              % 
Male             5             55.6             5  55.6 
Female            4  44.4           4  44.4 
Epilepsy            5  55.6           1  11.1 
Structural            1  11.1           6  66.7 
Non-structural            3  33.3           2  22.2 
Favorable Outcome            4  44.4           4  44.4 
Unfavorable Outcome           5  55.6           5  56.6 
 
Continuous Variables          M              SD              M               SD 
Age           7.4   3.4          7.7   3.9 
Months Post-Injury        34.2 10.9         33.8   9.6 
Discharge PCPC         2.6  1.4          2.7   2.1 
PedsQL         62.2 28.3         68.4   22.6 
Income     $103,000      $46,879      $68,250     $24,875 
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Table 7. Demographic Data for ABI+NCS and ABI Groups in the Exploratory 
Analysis of ABAS-II Scores. 
 
 
 
 
                ABI             ABI+NCS 
              (n=12)         (n=12) 
 
Categorical Variables           n               %              n              % 
Male             8             66.7            10  83.3 
Female            4  33.3           2  16.7 
Epilepsy            5  41.7           2  16.7 
Structural            4  23.3           8  66.7 
Non-structural            3  25.0           2  22.2 
Favorable Outcome            4  33.3           7  58.3 
Unfavorable Outcome           8  66.7           5  41.7 
 
Continuous Variables          M              SD              M               SD 
Age           7.8  3.9          8.1   3.5 
Months Post-Injury        38.8 11.8         39.8   10.9 
GOS-E Peds          3.2  1.2          2.7   1.2 
PedsQL         55.4 24.9         66.3   23.5 
Income     $107,900      $52,869      $87,444       $67,426 
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Table 8. Relationship between Variables Affecting Outcome and BRIEF-P or 
ABAS-II Scores. 
 
 
 
 
ABI          ABI+NCS    
 
ABAS-II Variables       r     r   
Age x Self-Direction        .58 (r
2
=.34)*       -.34 (r
2
=.12) 
Age x Community Use       .73 (r
2
=.53)**         .06 (r
2
=.004) 
PedsQL x Self-Direction       .64 (r
2
=.40)**         .48 (r
2
=.23) 
PedsQL x Social        .73 (r
2
=.53)***         .68 (r
2
=.46)** 
PedsQL x Social Domain             .68 (r
2
=.46)**         .69 (r
2
=.48)*** 
             
*     Correlation approaches significance at p=.05. 
**   Correlation significant at p=.05. 
*** Correlation significant at p=.01. 
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Figure 1: Characteristics of Participant Recruitment. 
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